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Volume transport in the Alaska Coastal Current 
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Abstract--Nine moorings were deployed in three sections in the Shelikof Strait/Semidi Islands 
region of the Alaskan continental shelf during the period of August 1984 to July 1985. Analysis of 
the resulting current and bottom pressure data, together with surface wind, provides a new 
understanding of transport in the Alaska Coastal Current. Using current observations, mean 
volume transport through the Shelikof sea valley was computed to be 0.85 × 106 m 3 s -i , which is 
in good agreement with estimates of transport obtained from hydrographic data. Approximately 
75% of this flux flowed seaward through the Shelikof sea valley, with the remainder flowing along 
the Alaska Peninsula. Data showed the expected increase of volume transport concomitant with 
maximum freshwater discharge in autumn. The greatest monthly mean transport, however, 
occurred in winter and was related to wind forcing. On time intervals of days, fluctuations in 
transport were often large (up to 3.0 × 106 m 3 s-l), and generally geostrophic (r = 0.79). Some of 
these fluctuations resulted from convergence of flow caused by the complex interaction of storms 
with orography. Approximately half of the fluctuations in volume transport were accounted for 
by the alongshore wind. 

INTRODUCTION 

DUmNG the past  decade ,  knowledge  of  the physical  oceanog raphy  of  the Gul f  of  Alaska  
has grown substantially. Discovery  of  the Alaska  Coasta l  Cur ren t  ( A C C ) ,  a na r row 
coastal  jet  extending more  than  1000 km along the coast  (Fig. 1), was one of  the mos t  
impor tan t  advances.  This is a v igorous  coastal  current  with speeds as large as 175 cm s -1. 
Transpor t  is driven by the large flux of  f reshwater  along the coast  of  Alaska  (ROVER, 
1982). The  a longshore  wind per turbs  this flow th rough  both  conf inement  of  the fresh- 
water  and al terat ion of  coastal  sea level (ScHUMACHER and REED, 1980; ROVER, 1981; 
REED and SCHUMACHER, 1981). Be t we e n  Kodiak  Is land and the mainland,  differential 
E k m a n  pumping  genera tes  f luctuations in t ranspor t  (REED and SCHUMACHER, 1989). The  
max imum freshwater  input  is in au tumn  (RovER, 1982). Concomi tan t ly ,  speeds in the 
A C C  increase marked ly  and vo lume t ranspor t  is 2 -3  times as great  as observed  during 
summer ,  of ten exceeding 1.9 x 106 m 3 s -1. Af te r  leaving the nor theas te rn  coast  of  
Alaska ,  mos t  o f  the A C C  flows th rough  Shel ikof  Strait,  with a por t ion  cont inuing 
westward to U n i m a k  Pass (ScHuMACHER and REED, 1986). TO date ,  all t ranspor t  esti- 
mates  have been  based on hydrograph ic  data  which are sensitive to the selection of  a 
level of  no mot ion .  

In this paper ,  we present  the first est imates of  t ranspor t  in the A C C  c o m p u t e d  using 
current  and b o t t o m  pressure records.  These  records  were  collected be tween  Augus t  1984 
and July 1985 in the wes tern  Gul f  of  Alaska  (Fig. 1). This exper iment  was par t  of  
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Fig. 1, Study area setting. Positions of the nine moorings (dots) are indicated. Mooring 
numbers are consecutive but only outer ones are labeled. Shown in the insert is the regional 

circulation, Depths are in meters. 

Fisheries Oceanography Coordinated Investigations (FOCI), a continuing NOAA pro- 
gram. The goal of FOCI is to understand biological and physical processes influencing 
recruitment of pollock (Theragra chalcogramma) in Shelikof Strait, Alaska. The objec- 
tive of the research component presented here was to answer basic questions regarding 
characteristics of transport, including: what fraction of the transport is through the sea 
valley along the Alaska peninsula, and can transport be monitored with bottom pressure 
observations? 

A description of current and bottom pressure data obtained during this experiment, 
together with surface winds, is presented in ROACH et aL (1987). REED et al. (1987) 
present a comprehensive analysis of hydrographic data collected in March and July 1985. 
The focus of this paper is to describe transport, to examine mechanisms causing 
fluctuations, and to investigate geostrophy. 

O B S E R V A T I O N S  

The observational program 

During 1984 and 1985, 35 current meters and six pressure gauges (Aanderaa model 
RCM-4 and WLR-5 or TG-3) were deployed on nine taut-wire moorings in the western 
Gulf of Alaska (Fig. 1). The moorings were arranged in three sections; data was recorded 
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at section 1 (moorings 1, 2 and 3) for 5 months (August 1984 to January 1985) and at 
sections 2 (moorings 4, 5 and 6) and 3 (moorings 6, 7 and 8) for 11 months (August 1984 
to July 1985). Current meter depths and locations are shown in Fig. 2. Some instruments 
measured temperature and conductivity which were used to estimate salinity. The six 
bottom pressure gauges were located one at each end of a section. All gauges were 
mounted in a well on the anchor to avoid the effects of mooring motion. 

Surface winds were computed from 6-hourly atmospheric surface pressure supplied by 
the Fleet Numerical Oceanography Center. These are geotriptic winds (a balance of 
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Coriolis, pressure gradient, centrifugal and friction forces) which were rotated 15 ° 
counterclockwise, reduced in speed by 30% from the geostrophic wind, and interpolated 
to the vicinity of Semidi Islands (Fig. 3). 

The data 

Since tides dominated the bot tom pressure spectrum, the pressure records were 
detided prior to low-pass filtering and removing linear trends. The current and detided 
bottom pressure data were low-pass filtered with a cosine-squared tapered Lanczos filter 
and resampled at 6-hourly intervals. This filter passes more than 99% of the amplitude at 
periods greater than 44 h, 50% at 35 h and less than 0.5% at 25 h, effectively removing 
the tidal signal from the current records. Examples of low-pass filtered currents are 
shown in Fig. 3. 

Estimates of transport were calculated from the current velocity components  normal 
to each section, multiplied by estimates of cross-sectional area. These areas were 
computed as follows. Detailed bathymetry was compiled for each section using infor- 
mation from continuous depth recordings, soundings at CTD stations and standard 
charts. Between moorings, the midpoint was used to define the horizontal extent 
assigned a given current velocity. The horizontal length between a mooring and the edge 
of a section varied. At  section 1, current was assumed to occur only seaward of mooring 1 
and to extend from mooring 3 to Kodiak Island. At section 2, the current was assumed to 
extend halfway between the outer two moorings and the adjacent land. At section 3, the 
current was taken to extend halfway between mooring 7 and Semidi Island but only one- 
third of the way (a depth of 100 m) to Chirikof Island. The vertical length at each 
mooring was selected as the midpoint between adjacent current meters. For example, the 
velocity from instruments at a nominal depth of 26 m (the next current meter  was at 
56 m) was assigned to the upper 41 m of the water column. We assumed no shear in 
current velocity within a transport layer. Velocity was set at zero approximately 5 m 
above the bottom. All results presented here are based on 6-hourly time series. 

Mean and low-frequency transport. The structure of the mean alongshore current 
shows the local manifestation of the ACC. During the period August to January (Fig. 2, 
left column), the ACC was strongest (>20 cm s -1) in the upper 150 m on the northwest 
or west side of the sea valley at sections 1 and 3. The portion of the ACC which 
continued along the Peninsula (section 2), rather than following the sea valley (section 
3), showed more moderate ( - 1 0  cm s -1) flow. Inflow occurred in both sea valley sections 
(1 and 3). When averages over the entire observation period (August 1984 to July 1985: 
Fig. 2, right column) are considered, the flow pattern at section 3 is changed substantially 
from the August to January mean. Maximum velocities were smaller and more evenly 
distributed across the sea valley, although inflow remained on the bottom. This inflow 
supports conclusions from hydrographic data that an "estuarine-like" or two-layered 
flow exits (REED et al., 1987) and emphasizes the care required in selecting a level of no 
motion for baroclinic calculations (REED and SCHUMACHER, 1989). 

From August 1984 to January 1985 the mean and r.m.s, error of the volume flux 
through section 1 (7~1) was 0.81 _+ 0.13 × 106 m 3 s -1 and the sum of the transport through 
the other two sections was 0.26 + 0.04 (7~2) + 0.68 + 0.11 (7~3) = 0.94 + 0.13 × 106 m 3 s -1 
(~/'2+3). During this interval, transport balanced to within 15%. For the longer time 
interval (August 1984 to July 1985), mean volume transport in the ACC was calculated to 
be 0.19 _+ 0.02 (7~2) + 0.66 + 0.08 (7~3) = 0.85 _+ 0.10 × 106 m 3 s -1 (T2+3). 
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to the  axis of  each section (given in parentheses) .  
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Fig. 4. Time series of transport through sections 1, 2, 3 and the sum of T~ + T3. (The heavy line 
is a 10-day running mean.) 

Time Series of transport through each of the three sections and T2+ 3 a r e  shown in Fig. 
4. The time series T2+3 was formed by adding the 6-hourly low-pass filtered transport 
data from sections 2 and 3; statistics were computed from this new series. All series had 
high frequency (0.2-0.5 cpd) fluctuations which became less prominent after May. These 
fluctuations were superimposed on a very low frequency signal ( -0 .03  cpd) which also 
decreased in amplitude in spring. There were four identifiable events in 7"2+3 (Fig. 4, 
Table 1), each lasting more than 10 days, during which transport exceeded the mean 
(0.85 x 106 m 3 s-l). To help visualize these events, we applied a 10-day running mean to 
the transport series T2+3. The average duration of these events was 23 days with a 
standard deviation of 11 days. During these pulses, the average transport was 1.49 x 106 
m 3 s -1. The event with maximum transport occurred during January. 

Although the transport time series are rich in variability, spectral analysis showed no 
significant peaks (at the 95% significance level). For each series at least 66% of the 
variance occurred at periods longer than 10 days. The baroclinic instability identified in 
previous current data from Shelikof Strait was thought to be the source of most of the 
low-frequency current fluctuations (MYSAK et  a l . ,  1981). This signal is clear in the current 
record from mooring 2 where the current vectors rotate back and forth across the section. 
Similar motion appears to a lesser degree at mooring 8. Analysis of current spectra, 
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Table 1. Statistics o f  very low frequency events in the 6-hourly total (T2+3) transport time series. R.M.S. error 
estimates were calculated from the quotient o f  the standard deviation divided by the square root o f  the ratio o f  the 

record length divided by the integral time scale 

Event no. Observation period Duration Volume transport + r.m.s, error 
(days) (106 m 3 S -1) 

1 29 September, 0600 15.75 1.29 + 0.12 
15 October, 0000 

2 14 November, 1200 31.0 1.39 + 0.16 
15 December, 0600 

3 29 December, 1800 33.75 1.71 + 0.15 
31 January, 0600 

4 14 March, 1800 12.75 1.56 + 0.20 
27 March, 0600 

Table 2. Correlations at the 95% level between transport through 
section 1 (T1), section 2 (T2), section 3 (T3), and section 2 + section 3 

(T2+3) 

Variance (%) 
Transport T1 T2 T3 

T 1 100 
T2 22 100 
r 3 51 - 100 
T2+ 3 58 25 92 

Numbers give the percent variance (r 2 x 100) in each row which is 
explained by the column. Dashes indicates no significant correlation. 

however, indicate that only at mooring 2 was the spectral peak statistically significant 
(ROACH et al., 1987). In the time series of volume transport, baroclinic instability was not 
a mechanism generating significant variability. 

Relationships between transport time series. Fluctuations in transport through sections 
2 and 3 were best correlated with those upstream through section 1 and were not 
significantly correlated with each other (Table 2). Flucr ations in 7"1 accounted for over 
half of those in T2+3. For all pairs, most of the coherent signal was in the longest period 
band (>19 days). Transports through sections 2 and 3 were coherent in only one 
frequency band (4.6-5.1 days) and this accounted for less than 6% of the total variance. 

DISCUSSION 

Forcing mechanisms 

The primary cause of the annual variation in transport in the ACC is the freshwater 
runoff whose maximum occurs in autumn (SCHUMACHER and REED, 1980; ROVER, 1981, 
1982). The major source of this runoff is along the east and north coast of Alaska, before 
the ACC enters Shelikof Strait. Estimates of geostrophic transport based on CTD data 
from 20 occupations of seven stations along section 1 and collected between March 1985 
and June 1988 yield a mean and standard deviation of 0.59 + 0.32 × 106 m 3 s -1. The 
reference levels used for geostrophic transport calculations vary across the section (REED 
and SCHUMACHER, 1989; Fig. 2). There  were no CTD surveys during winter. The 
maximum of 1.18 × 106 m 3 s -1 occurred in October  1985. The mean and standard 
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deviation compares favorably with values estimated from current records: 7~1 = 0.81 + 
0.59 x 106 m 3 s -1, or T2+3 --- 0.85 + 0.68 x 106 m 3 s -1. 

There was also good agreement between calculated and observed transport over 
shorter time intervals. From 25 to 26 March 1985, CTD data were collected at stations 
along sections 2 and 3, providing estimates of 0.01 × 106 and 0.85 × 106 m 3 s -1, 
respectively. (For the same time, current data were used to establish a 190-dbar level of 
no motion for section 3.) From current records the values were 0.05 and 0.86 × 106 m 3 
s -t ,  for sections 2 and 3, respectively. 

Volume transport during October 1984 (Table 1) was enhanced by the maximum 
freshwater accumulation. Since there is no hydrographic data, we examine the current 
structure (Fig. 5) and salinity from moored instruments. During October, the largest 
current speeds and the greatest vertical shear occurred in the vicinity of moorings 6 and 
7. This was accompanied by a marked increase in current speed and a decrease in salinity 
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of approximately 1 psu at moorings 4-7 in the upper 56 m of the water column. Both of 
these changes are consistent with observations made in autumn 1978 (ScHt:MACHER and 
REED, 1986). We conclude that strong vertical shear and a narrow band of high speeds 
and marked decrease in salinity (as observed in October 1984) are features of the 
enhanced geostrophic transport associated with the large increase of freshwater which 
occurs during autumn. 

Contrast these characteristics with those occurring during a transport pulse of similar 
magnitude that occurred in December (Fig. 5). At section 1 the higher current speeds 
occurred over a greater area than in October, with strong near-bottom flow toward the 
northeast compensating for increased southwestward flow. In section 2, the maximum 
current was near mooring 4 rather than at mooring 6, and both here and in section 3 
vertical shear markedly decreased from values in October. Finally, there was no 
accompanying decrease in salinity at any mooring. The remaining three pulses had 
characteristics similar to those in December and represent fluctuations which were not 
directly related to the seasonally varying flux of freshwater. 

Most of the remaining fluctuations were most likely caused by wind forcing. Early 
studies (ScHuMACHER and REED, 1980; ROVER, 1981; REED and SCHUMACHER, 1981) 
suggest that the alongshore component of the wind alters the cross-shelf distribution of 
mass and perturbs coastal sea level through Ekman transport. In the vicinity of Kodiak 
Island, complex wind patterns result from the interaction of storms with orography. 
Within the orographically bounded region of Shelikof Strait proper, nearshore isopycnal 
surfaces appear to be deepened through differential Ekman pumping (REED and SCHU- 
MACHER, 1989). This causes large, rapid perturbations (about 0.4 × 106 m 3 s -1 in <3 days) 
in volume transport. 

Because most of the sea valley is nearly parallel to and in close proximity of the coast, 
Ekman-driven coastal convergence should be important. Between September 1984 and 
January 1985, estimates of coherence (at the 95% level of significance) between the 
alongshore component (240°T) of the surface wind at Semidi Islands and water transport 
accounted for 39, 3 and 41% of the fluctuations in volume transport at sections 1, 2 and 3, 
respectively. For the series T2+3 approximately 45% (50% for the l l-month time 
interval) of the variance in transport could be explained by the alongshore wind. 

Wind data collected from a research aircraft show convergence of geostropic and 
ageostrophic winds in the region between sections 1 and 2 (MACKLIN et  al., 1984). Under 
such meteorological conditions transport will be enhanced toward the southwest in 
Shelikof Strait. At the same time, over the open shelf west of Kodiak Island, onshore 
winds cause reduced transport out of the system. As a result sea level increases in the 
region bounded by the three sections. For example, between 30 October and 2 November 
1984, an eastward-moving low pressure system passed within 250 km south of the study 
area. The distribution of surface atmospheric pressure (Fig. 6) caused onshore surface 
(geotriptic) winds over the open shelf and down-gradient (ageostrophic) winds in 
Shelikof Strait proper. Concomitant with the storm, near-surface currents at moorings 5- 
7 reversed and those at mooring 1 increased toward the southwest. As a result, transport 
through section 2 decreased markedly (<0.02 × 10 6 m 3 s-l), transport through section 3 
was reduced and it increased through section 1. At all bottom pressure gauges the 
response was an increasing positive anomaly (>15 mbar), with a maximum occurring 
after about 36 h. As the storm moved eastward, wind forcing changed and the conver- 
gence of water transport ceased. As the dome of water relaxed, transport seaward 



1 0 8 0  J . D .  SCHUMACHER et  al. 

60 ° 

SS° 

50 ° 

8O 

q 88 ~' I 

165 ° z6o o is5 ° 

Fig. 6. Sea level atmospheric pressure for  1200 on 31 October  1984. The wind barbs are actual 
observations.  Note how the barb at I l iamna (labeled I) indicates down-gradient  winds similar to 

those in Shelikof Strait. Surface wind at Semidi Island was 12.5 m s -1 toward 300°T. 

through section 3 increased by as much as 4.3 times greater than the mean. Volume 
transport then reversed at all locations as the system overshot equilibrium. The 
interaction is reversible. A high pressure system southwest of the Shelikof region 
generates offshore winds over the open shelf and northeastward winds in Shelikof Strait 
which result in divergent transport. The strong reversal of transport which occurred at 
the start of the time series in August is an example of such an event. 

The integrated effect of storms also accounts for variations in volume transport over 
longer time intervals. Data on principal tracks of centers of cyclones at sea level 
(MARINER'S WEATHER LOC, 1985) provide necessary information to estimate the possible 
impact of storms. During January, five cyclones passed through the region bounded by 
50°-55°N, and 155°-165°W, on trajectories from south to north. During February, only 
two storms passed through the southernmost portion of the area and they were on 
eastward trajectories. The difference in number and trajectory of these storms was 
reflected in the mean alongshore wind component (240°T) which reversed from 5.2 m s -~ 
in January to -0.2 m s -1 in February. Accompanying the difference in storm characteris- 
tics was a marked difference between the monthly transport in January (1.74 x 106 m 3 
s -1) and February (0. 59 x 106 m 3 s-l). 

Geostrophy 

One of the objectives of the field experiment was to determine if bottom pressure 
measurements could be used to calculate transport. Following BROWN et al. (1987), 
fluctuations in transport are related to bottom pressure via 

G = (fpo) -1 (1) 

where x is in the across-channel direction, G the geostrophic transport, p the bottom 
pressure, Po mean density, f Coriolis and h(x) depth. We have neglected the two terms 
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representing density anomalies, since the time series of salinity and temperature were 
not complete enough to calculate density. Bottom pressure records were limited to the 
endpoints of each section, so we assume that h(x) = H, a constant. Deviation from this 
assumption was greatest at section 1 (30%) and least at section 3 (<10%).  The 
correlations of transports with their associated pressure differences at sections 2 and 3 
accounted for 50 and 62% of transport fluctuations, respectively. At  section 1 there was 
no significant correlation. This was probably caused by two factors. The first is the 
deviation of h(x) from constant value; the second is the strength of density anomalies 
which are largest at section 1 since it is nearer the freshwater sources. 

For section 3, the geostrophic transport was calculated using equation (1) with Po = 
1 g cm -2, f = 1.23 × 10 4 and H = 205 m. Shown in Fig. 7 are the demeaned and 
detrended transports, calculated from the velocity records (T3) and the geostrophic 
r e l a t i o n s h i p  (G3) .  The fluctuations calculated using equation (1) were nearly of the same 
magnitude as those observed; a least squares fit of T3 = u G3 -F e yields a = 0.94. The 
balance held for many of the strong pulses, at both short and long periods and for both in- 
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records (T3, solid line) and from the bottom pressure records from moorings 7 and 9 (G3 dotted 

line). 
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and outflow events. Except at a period of 10 days, the series were coherent (at the 95% 
level) and the phase did not differ significantly from zero. The relationship between 
bottom pressure difference and transport at section 2 was similar to the results at 
section 3. 

CONCLUSIONS 

For the first time, estimates of volume transport in the ACC are available from both 
moored current and bottom pressure records. Our field observations from the Shelikof 
sea valley and adjacent shelf region between August 1984 and July 1985 lead to the 
following conclusions: 

1. The mean volume transport of the ACC calculated from current records was 0.85 
× 106 m s s -1. This is in good agreement with estimates of transport from CTD data 
(provided that the level of no motion is carefully selected to approximate the two-layered 
velocity field generally present over the sea valley). Approximately 75% of the mean 
transport was through the sea valley with the remaining flux along the Alaska Peninsula. 
There was a relative volume transport maximum (>1.0 × 106 m 3 s -1) associated with 
accumulation of freshwater in autumn. The greatest monthly transports, however, 
occurred in winter and were associated with wind-driven perturbations. 

2. Wind forcing was the primary cause of fluctuations in transport. This occurred 
through Ekman convergence, Ekman pumping (resulting from the curl of the wind 
stress), and the convergence of transport through Shelikof Strait with that over the open 
shelf. From estimates of coherence, about half of the transport fluctuations in the ACC 
were accounted for by the alongshore wind. 

3. At sections 2 and 3, transport fluctuations were generally geostrophic. Geostrophy 
accounted for about 62% of the variance of transport at section 3 and 50% at section 2. 
While neglecting the terms that are a function of density seemed of little consequence at 
sections 2 and 3, estimates of geostrophic transport from bottom pressure across section 1 
may require time series of density. 

The new results further document the relatively vigorous nature of the ACC. Mean 
transport here is similar in magnitude and more consistent in direction than the 
northward flux through Bering Strait (MUENCH et al., 1988; COACHMAN and AAGAARD, 
1988). Volume transport in the ACC is also greater than observed values for the east 
coast of North America. Estimates of transport along the shelf of Nova Scotia indicate an 
annual mean flux of about 0.25 × 106 m s s -1 which is related to outflow from the Gulf of 
St. Lawrence (DRINKWATER et  al., 1979). Farther south along the coast at Nantucket 
Shoals, estimates of annual mean volume transport were approximately 0.35 × 106 m s s -~ 
(RAMP et  al., 1988). Santa Barbara channel (off the west coast of North America) is a 
region with similar topography to Shelikof Strait; however, forcing for circulation here is 
oceanic rather than regional runoff. Estimates of transport calculated from current data 
(BRINK and MUENCH. 1986) for a 2-month period indicate a mean volume flux similar to 
those during winter in the ACC. Clearly, the ACC is one of the largest and most 
consistent nearshore currents found along the North American coast. 
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